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T yt Faculty of Engineering 
i Electrical and Electronic Engineering 
Course Number: EE362 Course Name: Control Systems 
Credit Hours: 3 Prerequisite: Signals and systems 


Lecture time: 


Group (A) Sunday — Wednesday (9:30-10:45) Classroom 6 
Group (B) Sunday — Wednesday (11:00-12:15) Classroom 6 
Text Book: 


Norman S. Nise, "Control Systems Engineering", 6th ed., John Wiley and Sons (Asia), 2008. 
References: 
“Modern Control Engineering” by K. Ogata, Prentice Hall, 4" Edition, 2002. 
“Modern Control of Systems" by R. C. Dorf, R. H. Bishop, Prentice Hall, 9th Edition, 2002. 
“Automatic Control Systems" Golnaraghi & Kuo, Wiley, 9e, 2010. 


Computer resources: MATLAB & SIMULINK 


MATLAB has become an industry standard and an essential tool for the modem engineer. It is 
assumed that you are familiar with the basics of MATLAB. Various aspects of MATLAB use 
and — will be requited in lahoratoties, but are also useful i problem solving and 


it allows one to quickly set up examples and test ideas. A useful website on control tutorials for 
MATLAB is: 
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A CD containing Matlab may be borrowed from (instructor course). For those students who 
do not have their own computers, access to these programs is available in the undergraduate 
computer laboratory. 


Control Systems Laboratory 


Lab. time: Wednesday (14:30-16:30) Lab. Location: Computer Lab 
Objectives 


- Learn to simulate dynamic systems in the Matlab environment. 


- Familiarize the student with theoretical and practical aspects of making physical 
Measurements. 


- Familiarize students with the behavior of control systems and enable them to 
understand the role the system parameters in control system response. 


- Develop skills in writing technical reports. 


Course Description 


This course introduces the basic concepts of control systems, and covers real-world problems 
and applications of control systems as examples and case studies. This course is to explore the 
modeling of linear system via differential equations and transfer functions utilizing state space 
and input — output representations; analysis of control system in the time and frequency 
domains and using transfer function and state-space methods , study of the classical stability 
tests , such as the Routh- Hurwitz and Nyquist criterions, and design methods using root-locus 
plots and Bode plots. 


Syllabus 

1- Introduction to control systems, feedback control. 

2- Systems Modeling: Laplace Transforms, Differential Equations. 

3. Systems Modeling: Block. Diagrams Mathematical Models 

4- Systems Modeling: Transfer functions, State space models, Signal Flow Graphs. 

5- Time Domain Analysis: Responses of 1 and 2 order systems, Time Response Specifications. 
6- Stability Analysis: Routh-Hurwitz stability. 


7- System Performance: Steady State Errors. 
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8- Root Locus Technique . 

9- Design via Root Locus. 

- U- Frequens; Domain Anai ysis: Bode Plots. 

1 1- Frequency Domain Analysis: Nyquist Criterion. 
12- Design via Frequency Response. 

13- Design via state space. 


! 4- Applications. 


Assessment Scheme 

t 
There are totally 10 homework's, 8 quiz's, 1 project, (Midterm exam), Lab reports and final 
exam for this course. 


Grading 


. l Lab | Term Project Midterm 
Quizs ' Homewsrt:’s J ME NN Final Exam | 
I» 


reporis | ( MATLAB 


Notes: 

l- The lecture notes are printed and they are available in the square office. 

2- Lectures start in Week 1. *Lab start in Week3 * Tutorials start in Week 3. 
3- Homework will be done in one week from the day it is assigned. 

4- If you can solve homework problems well, you will do great in the exam. 


.5- Late homework will not be accepted unless you prove (with some documents) that your case 
is legitimate. 


6- Tf ali problems are solved (xot necessarily correct}, 5096 cf the credit will be given. If only 
some of problems are solved, this 50% of the credit will be prorated. 


7- Each homework, randomly chosen a subset of problems will be graded carefully, which will 
make up for the other 50% of the credit. ta," 


“h 


> 


8- No work will be accepted if placed in my mailbox. 
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9- Use only staples to attach multiple pages 


10- Tardiness is not allowed. 


11- 8.5 x 11 inch paper is required and with perforated edges. 
12 - It is the student's responsibility to remember the due date. 


13- All reports of the lab must be processed with a computer. 


14- No work will be accepted after the last day of classes. 
15- Students must demonstrate and present a successful, working final project. 


16 - In the exam, you are allowed to bring a letter sized paper (one side) where you can write 
important formulas and equations. It has to be only with your hand-written formulas. 


17- If you want to get a very good grade: Read the textbook thoroughly. 
Read optional references too. Do more than given Exercises. Use and be familiar with Matlab. 


: Course objective 


The objective of this course is to enable students to model, analyze and control engineering 
systems. So, given a system (a robot, an elevator, a disk drive), you will be able to model the 
behavior, perform an analysis, and then design controller so that the system behaves in a 
certain prescribed way. 


Students completing EE362 should: 

- Understand continuous control theory for analysis and design of control systems. 

- Understand system performance and the influence of control architecture, parameter 
values, process dynamics. 


+ Understand use and utility of computer tools for control analysis and design. 
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Week #1 


Basic Control System Concepts .....sseseeecsecscescceceseeseeeee 101362 


System: Any organized assembly of resources and procedures united and regulated by 
interaction or interdependence to accomplish a set of specific functions. 


Control System 


A control system consists of subsystems and processes (or plants) assembled for the purpose of 
obtaining a desired output with desired performance, given a specified input. 


Control Engineering 


Control engineering is concerned with the analysis, design and implementation of goal- 
oriented systems. 


Basic Components of a Control System 


The basic ingredients of a control system can be described by: 
1. Objectives of control. 
2. Control-system components. 


3. Results or outputs. 


Objective Result 
Control system 
Input Output 


Actuating signal Controlled variable 
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Type of control 


* Regulator 


— Maintains constant output despite disturbances (e.g. automobile cruise control, room 
temperature). 


* Compensator 


— Drive system from an initial to a final state according to specifications on the transient 
response (e.g. elevator). 


* Tracking 


— Match output to a non-stationary input despite disturbances. Make system variables 
follow continually changing desired values (robot motion, missile guidance). 


e Optimal control 


— Drive system from an initial to a final state whiie optimizing a merit function (minimum 
time to target or minimum energy consumption), (e.g. hard disk drive). 


Control and System Engineering Problems 


In general, a control and system engineering problem can be divided into the following 
steps: 


1. Established a set of performance specifications. 


2. Formulate/Derive a set of differential equations describing the behavior of the physical 
system. 


3. Analyze the performance of the original system (many methods can be used) 


4. Design and add control element to improve the response if the performance does not meet 
ine specifications. 


5. System optimization may be required. 


Abas oe AT ee ee a eee Page 6 


Scanned by CamScanner 





PSO shi OP MIB SEE den. et Sw Ma. Pie 


. d (xz b "a ^ z 2i ^ = F. y ern d mem S o y ond — Www 
diri, Ro AL dii erii" oa a. 8 do 20) NO am o ESET Mer Ros pies Apc td em 6i T mco. pà 







If the performance does not meet the 
Specifications. ther ite rare ihe config, 
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Establish the control goals 





= | 
Write the T | 
Establish the sy \ | 


Obtain a i of the process, the 
actuator, and the Sensor 


Describe a controller ad seitei key 
parameters to be adjusted 


Optimize the parameters and 
analyze the performance 
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Control system design 


System Modeling 


mát) + bà (0) + ke(t) = F(t) 





Hardware Model (OBE) 


System Dynamics 


MË(t) + b&(t) + &x(t) = F(t) ==> 





Model 


System Control 
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Performance Specifications 


Let’s tak 
S take the example of an elevator. You want the following to happen: 
E. , = * ` » id 
Get to your destination (desired floor) as fast as possible. However, you want a sinvoth ride 
So that you don’t get sick in the elevator. 


^) ` ‘ R ‘ 
2. You don't want the elevator to be bouncing up and down before it settles to the desired 
floor. For example, if your upwar 


d destination is the 4th floor, you don't want the elevator to 
80 to the Sth floor first then comes back to the 4th floor (i.e. no overshoot). 


3. You want the elevator to stop at about the same level as the floor, otherwise you might tri p 
and fall (i.e. you can only tolerate a very small steady state error). 


4. You want the speed of the elevator to be the about the same regardless of the load. That is, 


you want the elevator to take about the same time to travel from the 1st floor to the 10th floor, 
whether you have 1 or 10 passengers in the elevator. 


All these requirements are called performance specifications. A control engineer will have to 


ensure that their control systems meet the desired specifications, by implementing controllers 
to change the systems' behaviour, if necessary. 


Controller 


The controller is the component (or group of components) that controls the process. 
* The controller outputs are the variables that manipulate the process. 
* The controller inputs include the desired values of the process output variables, and may 
also include the actual values of the process variables (feedback). 


* The objective of the controller is to make the actual values of the process output 


variables equal to the desired values. 
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Automatic Control 


Control is automatic if it is accomplished without manual (human) intervention. 
Why study automatic controls? 


* Automatic control of industrial processes (chemical, paper, automotive, etc.) is called 
automation. Automation enables: 


— Less expensive products. 


— More reliable and higher quality products. 
— Quick adaptation to changes in markets. 


Classification of Control Systems 


Control systems are basically classified as - 


l- Open-loop control system. 2- Closed-loop control system. 


In open-ioop system the control action is independent of output. In closed-lc 


‘Op system contro] 
action is somehow dependent on output. 


Open-Loop Control (no feedback) 
Open-loop control system is used for very simple applications where inputs are known ahead 
of time and there is no disturbance. Here the ou 
inputs. Disturbance inputs are undesirable inp 
their desired values. 


operation. 


tput is sensitive to the changes in disturbance 


uts that tend to deflect the plant outputs from 
They must be calibrated and adjusted at regular intervals to ensure proper 


An open-loop control system utilizes an actuating device to control the process directly without using feedback. 


Manipulation 
Desired output 


Actual output 


Controller Process 


Disturbunce 1 Disturbwucc 2 


Lacat + + Output 
s — Controller > o sid pp = OL = 
Reference A 


Cont mall edt 
Summing Summing vuriable 
junction Junction 


€ ow 


Single-Input, Single-Output Process (SISO) 
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Closed-Loop Control (feedback) 


Closed-loop systems are also called feedback control systems. Feedback is the property of the 
ciosed-ioop systems which permis the output > be compared with the input of the system so 
that appropriate control action ma: y be formed as a function of inputs and outputs. 


The important features of closed-loop control systems are: 


reduced effect of nonlinearities and distortion 
Increased accuracy. 


Reduced sensitivity due to external disturbances and internal variations in system 
parameters. 


Increased bandwidth. The bandwidth of a system is the range of frequencies of the 
input over which the system will respond satisfactorily. 


Forward Path 
Summing 


Point 


Q9 


Error 
Signal 






Control 
Signal 






Output 
Value 
Desired Value * 
—— 
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Controller 
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Meusurcment output 


Note that the above system has one input and one output. [SISO] 


As the complexity of the systems under control increases, the interrelationship of many 


controlled variables must be considered in the control scheme. In this case we have a 
multivariable contro] system. [MIMO] 


Desired output | [ dicun 
etia r Controller Process "1^ *" Output 
response inp " variables 
itt 
| : —ÓL 
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Example of an open-loop control system 


Simple tank leve! contre! system 


- We wish to hold the tank level, h, within reasonable mm 2 
acceptable limits even though the outlet flow through — I 
valve V1 is varied. This can be achieved by irregular ! 
manual adjustment of the inlet flow rate by valve V2. 


- This is not a precision system since it does not have 
the capability of, the input flow rate 

through valve V2 accurately measuring the output flow 
rate through V1 , or the tank level. 





The simple relationship between the input 

(the desired tank level) and the output (the [desired ne ea — 
actual tank level) can be represented by a | 
block diagram 





Output 


(valve d & operator) P» [actual tank levei} 


Example of a closed-loop control system 


Automatic tank level control à 
system 


The above figure illustrates an automatic b a 7. 
tank level control system. It can maintain pw 

the desired tank level h within quite 
accurate tolerances even though the output 
flow rate through valve V1 is varied. If the 
tank level is not correct, an error voltage, 

e is developed. This is amplified and 
applied to a motor drive which adjusts 
valve V2 in order to restore the desired 
tank level by adjusting the inlet flow rate. 





Power 
amplifier 


A block diagram of this system is shown. 


Input 
[desired tank level] o 
UT Control system 


Output 
{actual tank ievel) 





Le 





anm 





Fall 2017 





Page 12 


Scanned by CamScanner 


Example 


For 

each one of the follow; ‘ing systems, argue if in your opinion it is open-loop or closed-loop. 
in your argument, include vour dentitioas of the systemi: inputs and outputs. Briefly describe 
how feedback is effected in the systems which you decide are closed—loop. 

a) Washing machine. 


b) Audio speaker. 
C) Air conditioner. 


d) Manual gear train in an automobile. 
e) Automatic gear train in an automobile. 
a) Washing machine. 


Input: switch-on; output: clean clothes. Open loop. 
The washing machine does not feed back the cleanliness of clothes. 


b) Audio speaker. 


Input: electrical signal from readout device (e.g. laser in a CD player); output: microphone 
vibration. Open loop. 


The output audio tcvel and quality is not used to determine the input to the speaker 


c) Air conditioner. 
Input: desired temperature; output: temperature. Closed loop. 


The vast majority of air conditioners have temperature sensors (often, a simple bimetal switch) 


so they turn themselves on when the temperature is outside a prescribed range, off when it is 
inside the prescribed range. 


d) Manual gear train in an automobile. 
Input: lever location set by driver; output: wheel RPM. Open loop 


The wheel speed is not used in determining the gear setting (though a good driver would 


probably apply a sense of the vehicle's present speed to decide the proper gear to apply so as 
not to stall or rev up the engine.) 


e) Automatic gear train in an automobile. 


Unlike the manual gear-box, in the automatic gearbox (as the name implies!) there is a 
feedback mechanism: the wheel RPM heats up a special fluid causing it to expand or 
contract. The engine gear ratio is changed due to the riuid voiume change 
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Control System Terminology 


i ini ; is in the 
A general (negative) feedback control system containing the basic elements is as shown in 
figure below. 


Disha bance 
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Conirolkd 
System G, 
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Maninpulsted 
variable 

















Controlled 
variabk 


Contra] 
Bement, G, 


Foe bac k 
Element, H 





Definitions: Variables in the System 


Reference Input: r is the actual input to the system 


Controlled Variable: y is the output of the controlled system 
Primary Feedback: b is a function of y 
Actuating Error: e is r—b 


Manipulated Variable: u is the output of G1 and applied to G2 


Disturbance: d is the unwanted signal that tends to affect y. d may be introduced into the 
system at many places 


Definitions: System Components 


Control Element: G1 produces u from e 


Controlled System: G2 is the process or plant that is to be controlled 


Feedback Element: H produces b from y 


Supplementary Terminology 


Forward Path: The transmission path from the actuating error e to the controlled variable y 


Feedback Path: The transmission path from controlled variable y to the primary feedback b 
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Examples of Control Systems Applications 


1- Disk Drive System 


Rotation 
af arm 








aa Spindle 
Actuaton linen 
motor 


Track a 
Track b 
Head slider 








b. top view 
Disk Drive System 
Flexure 
. Head 
sprin 
vit) s position 
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Block diagram of disk drive system (close loop system) 
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y(t) = Desired head position = 5 


Open loop system 


y(t) 








2.5 3 3.5 4 4.5 
Timersen) 


Close loop system 
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2- Liquid level control system 


Pneumatic 
valve 






Controller 


Outflow 


Desired Actual 
level 


Controller 


Block diagram of Liquid control system 


Desired Actual 
level 


Block diagram of human operated Liquid control system 


3. Automobile direction control 








Desred Error t 
TC j 2r pee Ou Shire seater Direction 
Block diagram of Automobile direction control 
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Revision to Differential equations 


R L 
Q1- Given the electric network shown in Figure bellow. NAAL T000 — 
Assume R = 10, L = 0.5H, and1/LC =30. | | 
A A 


virt ^J en A~n C 
a. Write the differential equation for the network if pooo 1 
v(t) =u(t), a unit step. 


b. Solve the differential equation using classical method for the current, i(t) and the given 
initial conditions i(0)=0 , di(0)/dt =2. 
c. Make a plot of your solution. 


di le. | 
a. Writing the loop equation, Ri + Z— +— | idt + v (0)- wr) 
dt C 
^j Í 
b. Differentiating and substituting values, p +2—+30i=0 


dt 


Writing the characteristic equation and factoring, 


M? +2M+30=(M+1~,29 i) (M+1-/29 i) 


The general form of the solution and its derivative is 


i-e' cos(/29 th A + (B sin(,/29 g)e' 


di -(- A+ J29 B) e* cos /29 0 -(/29 A+B e' si 2 À 






di v, (0 l 
Using i(0) = Or) = xe u^ =? 
i (0 =A =0 
di 
—(0)=-—-A +¥V29B8=2 
dt i 
Thus. A = O and zit —1 
The solution 1s 
ALA —— | —  . Nal2Di? | Page 18 
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i= = 429 e" sin( /29 t) 
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MATLAB Code 


syms, i 

it^ dsolve('D2it*2Z*Di4r30*i-0','Di(O)-22','i(0)-0!); 

dispí('iltj')j (2 29"? sin(29"? tyy(29 exp(t)) 
prettyg(it) MUERE ug LEE Au Mn: (Uus im pesa 
ezplotí(it,[0,3]) : | | | | 
xlabeli't') 

ylabel('i(t)') 

grid 


i(t)s i ! l = 


1/2 1/2 
2 29 exp(-t) sin(29 t) 
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Simulink Model 


gu. x di | 30; — 0 


File edt View Simulation F Format Tools Help * T 
DIGHS|* Bales Il c B Dumb — gane 
npe ur o 3:5 0 an E 


d2i/dt2 = -2di/dt - 30i 


d2i/dt2 di/dt 


Current 


Time offset. Ü 
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Some Useful MATLAB Commands 


for control system 


tf , tfdata , pole , zero , pzmap residue , 


Itiview ,sisotool , series , parallel , feedback , cloop 


? 


zpk , SS , tss , ss2tf , rlocus , rlocfind , 


bode  ,margin ,nyquist  ,logspace  ,semilogx  ,step 


> 


Isim , eig , damp , ssdata , impulse , Initial 


? 


laplace ,ilaplace , ztrans , iztrans cad , d2c 


Other Possibly Useful Functions 


solve _ , dsolve , roots , inv , tzero , angle 
abs „poly ,polyval „find , unwrap ,linspace , 
conv ,size , length , real , imag , sum , 
prod ¿eval , abs , angle ,compass , max i 
min „trace ,diag 4 ,complex ,ones - , zeros 


fliplr , flipud 
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HW#1 EE362 


| +F jgrade rees 
l- Write a program to convert temperature in Fahrenheit degrecs (£F) to centigrade deg 


(+C). Use input and fprini? commands to display a mix of tex. and numbers. Recall ilic 


, š 5 
conversion formulation. eri —32). 


2- Write a command MATALB, with two input and two output arguments that determines the 


height in centimeters (cm) and mass in kilograms (kg) of a person from his height in inches 
(in.) and weight in pounds (Ib). 





3- Let x = [3 2 6 8] and y = [4 1 3 5]' (NB. x and y should be column vectors). 


a. Add the sum of the elements in x to y 


b. Raise each element of x to the power specified by the corresponding 


semen: in y. 
c. Divide each element of y by the corresponding element in x 


d. Multiply each element in x by the corresponding element in y, calling the result "z". 


4- To solve the linear system of equations (do not use solve, use inv command instead). _. 


a. X + 3y t 5z =10 Kc vicio oye? e 
b. 3x +2z+6y=7.5 bp. J c] 


C: 2:5 x 6y + 6z—5=0 Sof z fw " b 

5- To solve the linear system of equations ( do not use solve fun. use divide command instead) 
a. X - 2y t 5.572— 9.9 

b. 3x * 4z - y — 12 


c. 0.5x + dy + 6z- 10-0 


ward Ll LLL LLLA A nen STN BNE ete wees Tenet ume ore en 
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6- Write a simple loop to list the squares of the first 10 integers. 


7- Use a simple while loop, write a script to sum the series 1 +2 +3 +... (so that) the sum is 
as large as possible without exceeding iU. 


The program should display how many terms are used in the sum. 


8- Type this matrix in MATALB and use it to answer the following question 


I J rì a 14 Ul 

(5 Ta’ T = 2s 

4 7 -5 9 10 2 

$,°A= 

p. 2 (6 13 8 1 

$) QS 5 4 1 
a- Create a vector v consisting of the elements in the second column of A. 
b- 


Create a vector w consisting of the elements in the second row of A. 


9- Write program to input matrix 5.5, then find : 
a- sum elements of main diagonal. 

b- sum elements of secondary diagonal. 

c- Eigenvalue and eigenvector. 

d- Max. and min. element in the matrix. 


e- deviation each element from mean. 


; i l 
10 - The equivalent impedance of a circuit is given Z. (j@)=300 + 2joL + joc 


If L=4 H and C= 1 pF .write program to find |Z(jo)| versus o. 





Scanned by CamScanner 


| 1- Given a function y =x". 
a) Create x in the range [-1 1] with intervals of 0.05. 


b) Calculate a four-column matrix, 1st column with values of x and 2nd column x? and 3rd 


column x? and 4th column x’ 


c) Plot the 1st column versus x. Use interactive menus to change line properties. 


d) Plot both first and second column versus x in dashed lines. 


e) Label the x axis as x, the y axis as functions. General title is Approximation (in bold letters). 


Choose various fonts, sizes and colors. Add legends for the 2 curves. 


12- Convert the following into quantity (Real & Imaginary) [ 342j , 5-4j ,6+7j] into 
(Magnitude. & Phase). 
d'y ,d’y 


d 
13- solve the ODE 7 -4—1— x 3y =cost and the initial condition 


y (0-0 , y'(0)=0 ,y(0)-0 and plot the result. 
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